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Abstract:   We  studied  diurnal  activity  and  habitat  use  patterns 
of  waterfowl  on  Swan  Lake  in  Calhoun  County,  IL  during  fall  and 
spring  migrations  1992-93.   Swan  Lake,  a  1,255  ha  backwater  lake 
near  the  confluence  of  the  Illinois  and  Mississippi  Rivers  (Pool 
26) ,  was  selected  as  a  site  for  a  Habitat  Rehabilitation  and 
Enhancement  Project  (HREP)  under  the  Upper  Mississippi  River 
System  Environmental  Management  Program.   This  study  was 
conducted  to  obtain  baseline  data  on  waterfowl  use  of  Swan  Lake 
for  comparison  with  results  of  post-project  evaluations.   Swan 
Lake  was  used  primarily  as  a  resting  area  during  fall  and  spring 
migration;  waterfowl  populations  peaked  in  early  November,  and  in 
late  February  to  mid-March.   Dabbling  ducks  included  mostly 
mallards  (Anas  platyrhvncos ) ,  while  lesser  scaup  (Ay thy a  af finis) 
and  ring-necked  ducks  (Ay thy a  collaris)  comprised  the  majority  of 
diving  ducks.   Geese  consisted  mainly  of  snow  geese  (Chen 
caerulescens) .   Divers  were  observed  mostly  in  open  water  habitat 
during  fall  (98%)  and  spring  (70%) .   Moist  soil  habitats  received 
little  use  by  waterfowl  during  fall,  but  21-54%  of  geese, 
dabblers  and  divers  were  observed  there  in  spring.   Dabbling 
ducks  made  the  greatest  use  during  fall  (44%)  of  near-shore 
habitats  that  were  exposed  at  low  lake  levels  in  summer. 
Overall,  resting  was  the  predominant  activity  of  waterfowl  during 
fall  and  spring  migration,  but  feeding  activity  increased  in 
habitats  where  aquatic  macroinvertebrates  and  macrophytes  were 
more  abundant.   Less  than  10%  of  ducks  were  observed  feeding  in 
open  water  habitats,  but  64-70%  were  observed  feeding  in 
submerged  aquatic  and  moist  soil  habitats  during  fall.   Very 
little  feeding  was  observed  among  diving  ducks  in  spring,  but  28% 
of  dabblers  were  observed  feeding  in  moist  soil  and  near-shore 
emergent  habitats.   If  installation  of  levees  and  water  control 
structures,  combined  with  implementation  of  effective  water  level 
management,  enhances  aquatic  plant  and  invertebrate  communities, 
habitat  conditions  will  improve  for  waterfowl.   Waterfowl 
populations  should  respond  numerically  (increased  use-days) 
and/or  functionally  (increased  feeding  and  residence  times)  to 
increased  availability  of  food  and  cover. 

INTRODUCTION 

This  study  was  conducted  to  obtain  baseline  data  on 
waterfowl  activity  and  habitat  use  patterns  on  the  Swan  Lake 
Habitat  Rehabilitation  and  Enhancement  Project  (HREP)  site  in 
Calhoun  County,  IL.   The  Swan  Lake  HREP  is  a  component  of  the 
Upper  Mississippi  River  System  (UMRS)  Environmental  Management 
Program  (EMP) .   Goals  of  the  Swan  Lake  HREP  are  to:   (1)  restore 


aquatic  macrophyte  and  macroinvertebrate  communities  for  the 
benefit  of  migratory  waterfowl,  (2)  provide  habitat  for  over- 
winter survival  of  fish,  and  (3)  provide  rearing  and  spawning 
habitat  for  fish  (U.  S.  Army  Corps  of  Engineers  1991a) .   These 
goals  are  to  be  accomplished  by:  (1)  improving  water  quality 
through  60%  reduction  of  sediment  input  from  the  Illinois  River 
and  surrounding  uplands,  controlling  wave  action,  and 
consolidating  the  lake  bottom;  (2)  implementing  a  water  level 
management  system  with  control  structures  that  permit  movement  of 
fish  among  lake  compartments  and  between  Swan  Lake  and  the 
Illinois  River;  and  (3)  creating  deepwater  fish  habitat  and 
buffering  impacts  of  cold  water  and  ice. 

Swan  Lake  is  currently  open  to  the  Illinois  River  at  the 
south  end,  and  the  lake  is  divided  into  2  compartments  by  an 
interior  levee  below  Upper  Swan  and  Fuller  lakes.   A  new  levee 
will  be  constructed  between  the  Illinois  River  and  Swan  Lake 
along  river  miles  5.5  to  13.0  to  prevent  sediment  deposition 
during  river  flood  events  (U.S.  Army  Corps  of  Engineers  1991a). 
A  lake  closure  at  the  current  opening  to  the  Illinois  River,  and 
an  additional  interior  levee  will  divide  Swan  Lake  into  3 
compartments  (Figure  1) .   Water  control  and  fish  passage 
structures  will  be  installed  in  all  levees  to  provide  independent 
control  of  water  levels  in  each  compartment  and  allow  fish 
movement . 

Sediment  traps  will  be  constructed  in  adjacent  uplands  to 
reduce  sedimentation  caused  by  cropland  erosion  (U.S.  Army  Corps 


of  Engineers  1991a) .   Several  islands  will  be  constructed  from 
dredge  material  in  lower  Swan  Lake  to  reduce  wave  action  that 
causes  resuspension  of  bottom  sediments.   Dredging  to  construct 
islands  and  levees  will  create  deepwater  habitat,  particularly 
along  the  lake  side  of  the  river  levee. 

Swan  Lake  was  identified  as  an  important  overwintering  area 
for  riverine  fish  populations  in  a  large  section  of  the 
Mississippi  and  lower  Illinois  Rivers  (Sheehan  et  al.  1992) . 
Permanent  lake  closure  threatened  to  prevent  fish  access  to  Swan 
Lake  at  critical  times  of  the  year  such  as  spawning  and  winter. 
Consequently,  the  3 -lake  compartment  design  was  proposed  to 
provide  sufficient  flexibility  in  water  level  management  to 
achieve  fisheries  and  waterfowl  management  objectives.   A 
short-term  water  level  management  plan  was  incorporated  into  the 
project  design  (U.S.  Army  Corps  of  Engineers  1991b)  and  will  be 
implemented  during  the  post-project  biological  response 
evaluation  phase.   Lack  of  knowledge  on  the  timing  of  fish 
movement  into  and  out  of  backwater  areas,  and  uncertainties 
regarding  vegetation  and  waterfowl  responses  to  various  water 
management  regimes  preclude  implementation  of  a  long-term  water 
level  management  strategy  immediately  after  project  completion. 
Longer-term  water  level  management  plans  will  be  developed  and 
fine-tuned  as  biological  responses  are  studied  in  the  first  2-3 
years  after  construction. 


Post-project  Water  Level  Management 

Swan  Lake  will  be  de-watered  in  the  first  year  after 
construction  to  consolidate  bottom  sediments  and  induce 
germination  of  aquatic  vegetation.   After  initial  drawdown,  the 
lower  Swan  Lake  closure  will  be  opened  so  that  lake  levels  will 
fluctuate  with  Illinois  River  stage,  and  fish  will  be  able  to 
move  freely  between  the  lake  and  river.   The  lower  compartment 
will  be  closed  during  flood  stage  to  prevent  sediment  deposition 
during  high  pool  levels.   This  segment  of  the  lake  will  be 
managed  primarily  to  benefit  fish  populations,  but  it  is 
anticipated  that  waterfowl,  particularly  diving  ducks,  also  will 
benefit  if  aquatic  macrophyte  communities  are  enhanced  in  lower 
Swan  Lake.   Middle  Swan  Lake  will  be  annually  drawn  down  about 
0.2  m  below  normal  pool  level,  exposing  10%  of  the  lake  bottom  to 
allow  germination  of  robust  emergent  and  moist  soil  plants  in 
near-shore  habitats.   Emergent  and  moist  soil  vegetation  would 
surround  a  central  zone  of  deeper  water  with  submerged 
macrophytes.   Improved  habitat  conditions  for  dabbling  and  diving 
ducks  is  the  priority  in  managing  this  lake  segment,  although 
middle  Swan  Lake  could  also  provide  spawning,  nursery  and  over- 
winter habitat  for  fishes.   Upper  Swan  and  Fuller  lakes  will  be 
managed  as  they  are  currently  through  annual  drawdowns  of  about 
0.6  m  that  will  expose  60%  of  the  lake  bottom  to  promote  growth 
of  moist  soil  plants  and  submerged  macrophytes.   Dabbling  ducks 


will  be  the  priority  in  managing  this  lake  segment,  but  upper 
Swan  and  Fuller  lakes  may  still  have  some  value  as  spawning  and 
nursery  habitat  for  riverine  fishes. 

Complete  drawdowns  of  the  entire  lake  are  planned  at  8-  to 
10-year  intervals  to  periodically  consolidate  bottom  sediments 
and  release  nutrients.   Annual  drawdowns  in  the  upper  and  middle 
lake  compartments  would  begin  in  late  June  each  year,  continuing 
gradually  until  desired  water  levels  are  achieved  in  each 
compartment  by  the  end  of  July.   Water  levels  would  be  raised 
over  a  2-week  period  beginning  in  mid-September  to  flood  moist 
soil  and  emergent  vegetation  for  use  by  waterfowl. 
Biological  Response  Monitoring 

A  comprehensive  monitoring  program  was  implemented  to 
evaluate  success  of  the  Swan  Lake  HREP  in  meeting  project  goals. 
Monitoring  and  evaluation  was  planned  based  on  assumptions  about 
effects  on  water  quality  and  sedimentation,  and  changes  in 
aquatic  macrophyte,  invertebrate,  fish,  and  waterfowl  communities 
after  project  implementation.   The  Long  Term  Resource  Monitoring 
Program  (LTRMP)  conducted  pre-project  evaluations  of 
sedimentation  and  water  quality,  benthic  invertebrate  and  aquatic 
macrophyte  communities,  and  fish  populations. 

The  primary  planning  assumption  of  the  Swan  Lake  HREP  is 
that  reduction  of  sedimentation,  consolidation  of  bottom 
sediments,  and  implementation  of  independent  water  level 
management  will  substantially  restore  and  enhance  aquatic 
macrophyte  and  macroinvertebrate  communities  in  Swan  Lake.   As  a 


result,  the  quality  and  quantity  of  habitats  for  fish  and 
waterfowl  will  improve,  and  populations  of  fish  and  wildlife 
using  Swan  Lake  will  increase. 

Waterfowl  populations  may  respond  to  habitat  changes 
numerically  and/or  functionally.   Numeric  response  may  be 
manifest  as  changes  in  total  populations  and  waterfowl  use-days, 
or  species  composition  of  waterfowl  using  Swan  Lake  after  project 
implementation.   However,  numeric  responses  may  be  obscured  by 
regional  and  continental  population  trends,  or  annual  variation 
in  migration  patterns  that  are  not  related  to  habitat  conditions 
on  Swan  Lake.   To  fully  evaluate  project  effects  on  waterfowl 
populations,  functional  responses  must  also  be  measured. 
Anticipated  functional  responses  by  waterfowl  populations  include 
changes  in  local  daily  movements,  habitat  use,  behavior  (i.e. 
feeding  activity) ,  and  distribution  among  the  3  lake  segments 
after  project  implementation. 

This  study  focused  on  numerical  and  functional  responses  by 
migratory  waterfowl  populations  to  implementation  of  the  Swan 
lake  HREP.   We  collected  pre-project  data  that  addressed  3 
assumptions  made  in  planning  biological  response  monitoring  of 
the  HREP,  specifically  that:   1)  total  numbers  and  species 
composition  of  waterfowl  using  the  project  area  will  change;  2) 
distribution  of  dabbling  and  diving  ducks  and  geese  will  differ 
among  lake  compartments,  and  species  distributions  will  change 
after  project  construction;  and  3)  waterfowl  movements,  habitat 
use,  and  behavioral  patterns  will  differ  among  lake  compartments, 


and  will  change  after  project  completion.   Aerial  censuses 
conducted  concurrently  with  this  study  by  the  Illinois  Natural 
History  Survey  (INHS)  also  addressed  the  first  2  assumptions. 
This  project  also  contributed  information  needed  to  address  2 
additional  planning  assumptions:   1)  that  a  water  level 
management  strategy  can  be  developed  for  Swan  Lake  that  maintains 
ecological  functions  and  maximizes  benefits  to  fish  and 
waterfowl;  and  2)  that  the  project's  biological  response  analysis 
results  has  implications  for  future  EMP  projects. 

Specific  objectives  of  pre-project  waterfowl  investigations 
were  to:   1)  determine  numbers,  species  composition,  and 
migration  chronology  of  waterfowl  using  Swan  Lake  during  fall  and 
spring  migration;  2)  determine  relative  use  of  3  lake  segments 
and  moist  soil  units  adjacent  to  Swan  Lake  by  diving  and  dabbling 
ducks,  and  geese;  3)  document  diurnal  movements  between  the  3 
lake  segments  and  surrounding  upland  and  wetland  habitats;  4) 
determine  diurnal  activity  budgets  of  waterfowl  using  Swan  and 
Fuller  lakes;  5)  determine  macroinvertebrate  densities  and 
biomass  in  habitats  used  by  waterfowl,  and  6)  relate  data  on 
distribution,  movements,  and  activity  to  food  and  habitat 
availability. 
STUDY  AREA 

Swan  and  Fuller  lakes  are  segments  of  a  1,255  ha  backwater 
lake  located  at  river  miles  5-13  along  the  west  bank  of  the 
Illinois  River  in  Calhoun  County,  IL  (Figure  1) .   Water  levels 
are  influenced  primarily  by  Mississippi  River  Pool  26.   The  lake 


currently  consists  of  2  segments;  lower  and  middle  Swan,  and 
upper  Swan  and  Fuller  lakes.   Upper  Swan  and  Fuller  lakes  are 
hydrologically  separated  from  the  rest  of  Swan  Lake  by  a  small 
levee  with  a  water  control  structure  that  currently  permits 
seasonal  drawdown  of  Upper  Swan  and  Fuller  lakes.   Middle  and 
lower  Swan  lakes  are  managed  by  the  U.S.  Fish  and  Wildlife 
Service  as  part  of  the  Mark  Twain  National  Wildlife  Refuge  (NWR) . 
Upper  Swan  and  Fuller  lakes  are  managed  by  the  Illinois 
Department  of  Conservation  (IDOC)  as  part  of  the  Mississippi 
River  Area  (MRA) .   Hunting  was  permitted  on  upper  Swan  and  Fuller 
lakes  through  controlled  drawing  for  established  blind  sites. 
Mark  Twain  NWR  (middle  and  lower  Swan  lakes)  was  closed  to 
hunting. 

Swan  Lake  was  bordered  by  385  ha  of  bottomland  forest  and 
223  ha  of  cropland  (U.S.  Army  Corps  of  Engineers  1991a).   Wetland 
vegetation  types  located  within  and  adjacent  to  the  lake 
included:   open  water,  submerged  aquatic,  robust  emergent,  moist 
soil,  and  flooded  forest  (LTRMP,  unpublished  data) .   Swan  Lake 
consisted  almost  entirely  of  shallow  open  water,  with  narrow 
margins  of  moist  soil  and  robust  emergent  vegetation  distributed 
sporadically  along  the  shorelines  of  middle  and  lower  Swan  Lakes. 
Moist  soil  and  submergent  vegetation  generally  occurred 
throughout  upper  Swan  and  Fuller  lakes;  managed  moist  soil  units 
occurred  adjacent  to  the  southwest  corner  of  lower  Swan  Lake  on 
Mark  Twain  NWR.   The  only  submerged  aquatic  vegetation  present 
in  middle  and  lower  Swan  lakes  occurred  at  the  south  end,  near 
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the  opening  to  the  Illinois  River.   Open  water  and  flooded  forest 

habitats  were  present  in  all  3  compartments;  sloughs  (narrow 

backwaters)  occurred  within  bottomland  forest  along  the  eastern 

shore  of  Swan  Lake. 

METHODS 

Waterfowl  Distribution,  Habitat  Use,  and  Behavior 

Field  work  was  conducted  15  September  -  15  December  1992, 
and  18  February  -  29  April  1993.   Waterfowl  were  observed  6  days 
per  week  from  a  series  of  shoreline  observation  points 
established  to  obtain  nearly  complete  visual  coverage  of  Swan  and 
Fuller  lakes  (Figure  2) .   Separate  counts  were  conducted  during 
morning  (sunrise  to  1200  hrs)  and  evening  (1200  hrs  to  sunset) 
time  periods.   We  recorded  data  separately  for  each  of  the  3 
eventual  lake  compartments  and  moist  soil  areas  adjacent  to  the 
southwest  shore  of  lower  Swan  Lake.   Walking  transects  were  also 
established  to  sample  waterfowl  use  of  flooded  forest  adjacent  to 
Swan  Lake  and  Fuller  lakes.   Numbers  and  species  of  waterfowl 
observed  from  observation  points  and  transects  were  recorded 
daily,  providing  information  on  total  numbers  and  species 
composition  of  waterfowl  using  Swan  Lake,  and  their  distribution 
among  the  3  lake  compartments  and  moist  soil  units  on  Mark  Twain 
NWR.   Complete  coverage  of  the  lake  (all  observation  points)  was 
obtained  at  least  2-3  times  per  week. 

General  habitat  types  were  identified  by  presence  of 
characteristic  vegetation  recorded  in  vegetation  community 
surveys  conducted  by  LTRMP  (Table  1) .   Data  collected  during 


preliminary  surveys  conducted  in  spring  1992  indicated  that 
waterfowl  distribution  was  influenced  by  the  composition  of 
shoreline  vegetation.   Therefore,  we  separated  habitats  into  2 
broad  categories;  open  water  and  near-shore.   Open  water  habitats 
were  characterized  by  lack  of  emergent  and  submergent  vegetation, 
shallow  water,  and  an  unconsolidated  bottom.   Near-shore  habitats 
were  areas  where  substrate  was  exposed  during  normal  pool  levels 
in  summer,  allowing  germination  and  growth  of  robust  emergent  and 
moist  soil  vegetation.   Near-shore  habitats  were  separated  as 
areas  bordered  by  floodplain  forest  (near-shore  forested)  or 
robust  emergent  vegetation  (near-shore  emergent) .   Slough 
habitats  included  shallow  backwaters  on  the  east  side  of  Swan 
Lake  that  were  characterized  by  woody  terrestrial  and  emergent 
vegetation.   Sloughs  were  present  on  middle  Swan  Lake  (Six-mile 
Slough) ,  and  lower  Swan  Lake  (Murphy's  Slough) .   Two  other 
habitat  types  were  temporarily  present,  including  submerged 
aquatic  macrophytes,  consisting  mostly  of  sago  pondweed 
(Potamogeton  pectinatus)  near  the  mouth  of  Swan  Lake,  and  flooded 
forest  habitat  that  was  available  during  high  pool  levels.   Based 
on  these  observations,  we  modified  the  LTRMP  habitat 
classification  to  delineate  8  specific  waterfowl  habitat  types: 
open  water,  near-shore  emergent,  near-shore  forested,  moist  soil, 
robust  emergent  vegetation,  slough,  flooded  forest,  and 
submergent  vegetation.   Activities  were  recorded  for  the  most 
abundant  species  of  dabbling  ducks  (tribes  Anatini  and 
Cairinini) ,  diving  ducks  (tribes  Athvini.  Meraini.  and  Oxyurini) , 
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and  geese  (tribe  Anserini)  encountered  during  daily  population 
surveys.   Waterfowl  flocks  were  observed  to  determine  proportions 
of  birds  engaged  in  feeding,  resting,  comfort,  social,  and 
locomotion  behaviors  (Table  2) .   Activities  were  recorded 
primarily  from  elevated  blinds,  but  other  observation  points  were 
also  used,  depending  on  daily  distributions  of  waterfowl,  to 
increase  sample  sizes  and  sample  all  available  habitats. 
Activities  were  recorded  during  sunrise  to  sunset;  attempts  to 
acquire  nocturnal  observations  were  not  successful  because  of 
visibility  constraints  and  limited  access  to  roosting  flocks. 

Instantaneous  and  scan  sampling  (Altmann  1974)  were  used  to 
record  activities  of  duck  and  goose  flocks,  respectively. 
Instantaneous  sampling  involved  recording  behaviors  (Table  2)  on 
consecutive  individuals  as  the  center  field  of  view  of  a  spotting 
scope  was  moved  through  target  flocks.   An  instantaneous  activity 
sample  unit  consisted  of  60  observations  of  individual  birds 
within  a  flock,  or  combined  observations  of  60  individuals  within 
smaller  separate  flocks.   Flocks  exceeding  120  individuals 
provided  multiple  activity  samples.   Instantaneous  activity 
sampling  was  used  to  determine  time  budgets  of  all  dabbling  and 
diving  duck  species.   Scan  sampling  was  used  to  record  activities 
of  goose  flocks  >  60  birds  over  30-40  s  intervals.   At  the  end  of 
each  interval,  relative  proportions  of  birds  engaged  in  5  general 
behavior  categories  were  recorded  (Table  2) .   This  technique  was 
used  during  fall  1992,  but  was  abandoned  in  favor  of 
instantaneous  sampling  during  spring  1993. 
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Local  movements  were  observed  in  the  course  of  field 
activities  described  above.   Species  and  number  of  birds  observed 
moving  between  lake  segments,  and  between  Swan  Lake  and 
surrounding  uplands  and  the  Illinois  river  were  recorded. 
Macroinvertebrate  Sampling 

Macroinvertebrates  were  collected  on  1  October  1992  (early 
fall),  1  November  1992  (late  fall),  18  March  1993  (early  spring), 
and  28  April  1993  (late  spring) .   We  used  2  different  types  of 
sampling  gear;  a  D-frame  aquatic  sweep  net  was  used  to  sample 
nektonic  (including  epiphytic)  macroinvertebrates,  while  a  petite 
Ponar  dredge  was  used  to  sample  benthic  fauna  (Fredrickson  and 
Reid  1988a) .   Near-shore  emergent,  near-shore  forested,  moist 
soil,  submergent,  open  water,  and  flooded  forest  habitats  were 
sampled  with  sweep  net  during  fall  and/or  spring  (Table  3). 
Submergent  vegetation  was  not  sampled  in  spring  because  sago 
pondweed  at  the  mouth  of  Swan  Lake  had  not  yet  emerged.   Flooded 
forest  was  not  sampled  in  early  fall  because  this  habitat  was  not 
inundated  when  samples  were  collected.   Additional  samples  were 
collected  with  Ponar  dredge  from  submergent  and  open  water 
habitats  during  early  fall,  and  from  near-shore  emergent,  moist 
soil,  open  water,  near-shore  forested,  and  flooded  forest 
habitats  during  spring.   Macroinvertebrates  also  were  sampled 
with  sweep  net  and  Ponar  dreadge  in  moist  soil  habitats  located 
in  upper  Swan  and  Fuller  lakes  during  fall  and  spring. 
Macroinvertebrate  sample  sites  were  randomly  selected  within 
habitat  strata  that  were  present  in  each  lake  segment,  except 
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sloughs.   Two  replicate  samples  were  taken  at  each  site.   Samples 
were  rinsed  in  a  U.S.  #35  sieve  and  preserved  in  10%  formalin 
solution  with  rose  bengal  stain  to  facilitate  sorting  (Mason  and 
Yevich  19  67) .   Macroinvertebrates  were  sorted,  identified,  and 
dried  to  determine  standing  crop  biomass.   Identification  and 
taxonomic  classification  of  invertebrates  followed  Merrit  and 
Cummins  (1984)  and  Pennak  (1978) .   Annelids  were  identified  to 
class,  crustaceans  were  identified  to  order  or  family,  and 
mollusks  and  insects  were  identified  to  family  or  subfamily. 
These  taxonomic  levels  were  sufficient  in  most  cases  to 
distinguish  trophic  functional  groups  such  as  grazers, 
shredders,  collectors,  and  predators  (Cummins  1973,  Fredrickson 
and  Reid  1988b) . 
Data  Analysis 

Migration  chronology  and  seasonal  changes  in  waterfowl 
populations  were  determined  from  the  maximum  weekly  total  of 
waterfowl  observed  per  day  on  Swan  and  Fuller  lakes  and  adjacent 
moist  soil  areas.   Waterfowl  use-days  were  calculated  by  summing 
numbers  of  birds  observed  in  each  compartment  during  individual 
diurnal  census  periods.   Weekly  mean  totals  of  birds  observed 
within  morning  and  evening  census  periods  were  calculated,  then 
averaged  for  the  2  diurnal  periods.   Weekly  mean  numbers  of 
dabblers,  divers,  and  geese  were  multiplied  by  7,  then  summed 
over  the  number  of  weeks  in  which  counts  were  obtained  during 
fall  and  spring. 
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Compartment  use,  habitat  use,  and  percent  time  spent  in 
feeding,  resting,  locomotion,  other,  and  social  behaviors  were 
summarized  for  dabblers,  divers,  and  geese  by  habitat  type  and 
season.   Macroinvertebrate  data  were  summarized  as  the  number  of 
organisms  and  dry  mass  per  volume  of  water  sampled  (net  sweeps) 
or  area  of  substrate  sampled  (Ponar  dredges)  in  each  of  the  4 
sampling  periods.   The  number  of  taxa  identified  per  sample  was 
used  as  a  crude  index  of  invertebrate  diversity. 

All  data  were  tested  for  normality  using  PROC  UNIVARIATE  of 
the  Statistical  Analysis  System  (SAS  Institute,  Inc.  1985)  . 
Waterfowl  activity  and  macroinvertebrate  data  did  not  meet  the 
assumptions  of  normality  for  parametric  tests,  so  nonparametric 
methods  were  used  for  statistical  analyses  of  these  data. 
Proportions  of  geese,  dabbling  ducks,  and  diving  ducks  engaged  in 
different  activities  were  compared  among  habitat  types  using 
Kruskal-Wallis  tests  followed  by  Dunn's  (Dunn  1964)  multiple 
comparison  procedure  to  separate  pairwise  differences  between 
individual  habitats.   Wilcoxon  2-sample  or  Kruskal-Wallis  tests 
with  Dunn's  procedure  were  used  to  detect  differences  in 
macroinvertebrate  density,  diversity,  and  biomass  among  habitat 
types  within  seasons,  and  between  seasons  within  habitat  types. 
Results  of  statistical  tests  were  considered  significant  at 
P  <  0.05. 
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RESULTS 
Fall  1992 

Waterfowl  populations. — We  recorded  a  total  of  543,104 
waterfowl  use-days  on  Swan  Lake  in  fall  1992;  262,801  use-days 
were  by  dabbling  ducks,  209,120  by  geese,  and  71,183  by  diving 
ducks.   Dabbling  ducks  were  already  present  when  observations 
began  in  mid-September;  diving  ducks  appeared  about  2  weeks  later 
in  early  October  (Figure  3) .   Peak  waterfowl  populations 
generally  coincided  with  start  of  hunting  season.   Diving  duck 
populations  peaked  in  late  October,  then  declined  through 
mid-December  (Figure  3) .   Dabbling  duck  populations  peaked  at  the 
end  of  October  and  again  in  early  December,  then  declined 
abruptly  in  mid-December  with  onset  of  winter  weather.   Geese 
used  Swan  Lake  primarily  during  early  November  through  mid- 
December,  with  peak  populations  occurring  in  mid-November 
(Figures  4  and  5) .   Several  thousand  geese  (mostly  snow  geese) 
lingered  after  mid-December  when  counts  were  terminated. 

Dabbling  ducks  consisted  of  83%  mallards  (Anas  platvrhvncos) 
and  6%  green-winged  teal  (Anas  crecca) ,  with  the  remainder 
comprised  of  7  other  species  (Table  4) .   Divers  consisted  of  71% 
ring-necked  ducks  (Avthva  collaris) ,  16%  ruddy  ducks  (Oxvura 
iamaicensis) ,  11%  canvasbacks  (Ay thy a  valisineria) ,  and  7  other 
species.   Geese  included  98%  snow  geese  (Chen  caerulescens)  and 
2%  Canada  geese  (Branta  canadensis) . 
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Lower  Swan  Lake  received  63%  of  waterfowl  use-days,  followed 
by  middle  Swan  Lake  (32%) ,  moist  soil  units  south  of  Swan  Lake 
(5%),  and  upper  Swan  and  Fuller  lakes  (<1%;  Table  5).   Relative 
use  by  dabbling  ducks,  diving  ducks,  and  geese  differed  among 
lake  compartments  and  moist  soil  units.   Fifty-three  percent  of 
dabbler  use-days  occurred  on  middle  Swan  Lake,  while  60%  of  diver 
use-days  and  97%  of  goose  use-days  occurred  on  lower  Swan  Lake 
(Table  5) .   Upper  Swan  and  Fuller  lakes  received  little  or  no  use 
by  waterfowl  in  fall  1993,  but  moist  soil  units  received  8%  of 
dabbler  use-days.   Waterfowl  were  hunted  on  upper  Swan  and  Fuller 
lakes;  however,  use  of  this  compartment  was  low  even  before 
hunting  season.   Premature  flooding  before  seed  heads  of  late- 
seeded  Japanese  millet  (Echinocloa  frumentacea)  and  other  moist 
soil  plants  had  ripened  may  have  reduced  the  attractiveness  of 
this  area  for  waterfowl,  particularly  dabbling  ducks. 

Habitat  use. — Distributions  of  diving  and  dabbling  ducks  and 
geese  varied  among  the  8  habitat  types  that  were  distinguished  in 
this  study.   Open  water  habitats  received  the  greatest  use  by  all 
3  groups  of  waterfowl,  but  predictably,  dabbling  ducks  made 
greater  use  of  near-shore  habitats  than  diving  ducks  and  geese 
(Table  6) .   Diving  ducks  and  geese  used  open  water  almost 
exclusively.   Dabbling  ducks  used  submerged  aquatic  habitat  more 
than  diving  ducks  and  geese;  however,  the  sago  pondweed  bed  at 
the  south  end  of  Swan  Lake  had  senesced  before  the  majority  of 
diving  ducks  migrated  into  the  area. 
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Proportional  feeding  activity  varied  among  habitat  types  (X2 
=  3  03.38,  P  <  0.001)  and  species  groups.   The  largest  proportions 
of  dabblers  were  observed  feeding  in  flooded  forest,  submergent 
vegetation,  and  near-shore  emergent  habitats  (Table  7) . 
Substantial  feeding  activity  by  divers  was  recorded  only  in 
submergent  vegetation;  feeding  activity  was  essentially 
nonexistent  in  other  habitats  occupied  by  divers  (Table  8) .   Very 
little  feeding  activity  was  observed  among  geese  using  near-shore 
emergent  and  open  water  habitats  (Table  9) . 

Resting  was  the  predominant  behavior,  accounting  for  >50%  of 
waterfowl  activity  in  all  habitats  except  flooded  forest,  moist 
soil,  and  submergent  vegetation  habitats  (Tables  7-9) . 
Locomotion,  social,  and  other  behaviors,  were  limited,  comprising 
0-13%  of  diurnal  activity  budgets.   Locomotion  and  social 
behaviors  were  particularly  rare  in  geese  and  diving  ducks. 
These  data  indicate  that  waterfowl  used  Swan  Lake  primarily  for 
resting  during  fall  migration  in  1992. 

Macroinvertebrate  abundance. — Density  and  biomass  of 
invertebrates  collected  with  sweep  net  varied  among  habitats 
during  early  fall  1992  (X2  >  9.88,  P  <  0.020).   Near-shore 
emergent  habitats  had  greater  density  and  biomass  of  nektonic 
invertebrates  (P  <  0.05)  than  open  water  habitat  during  early 
fall;  invertebrate  density  in  moist  soil  habitat  also  exceeded 
that  of  open  water  (P  <  0.05).   Other  habitats  were  intermediate 
(Table  10) . 
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Density  and  biomass  of  invertebrates  collected  with  Ponar 
dredge  were  greater  than  for  invertebrates  collected  with  sweep 
net  in  open  water  and  submergent  vegetation  during  early  fall 
(Table  11) .   Density,  diversity,  and  biomass  of  invertebrates 
collected  with  Ponar  dredge  did  not  differ  between  submergent 
vegetation  and  open  water  during  early  fall  (Wilcoxon  test,  z   < 
1.11,  P  >  0.269).   These  results  indicated  that  macroinvertebrate 
communities  of  Swan  Lake  were  dominated  by  benthic  fauna  during 
early  fall. 

Density,  and  biomass  of  macroinvertebrates  collected  with 
sweep  net  also  varied  (Kruskal-Wallis  test,  X2  >  25.02,  P  < 
0.001)  among  habitats  during  late  fall.   Similar  to  early  fall, 
density  of  nektonic  invertebrates  was  greater  in  near-shore 
emergent  and  moist  soil  habitats  than  in  open  water  (P  <  0.05); 
invertebrate  biomass  in  near-shore  emergent  and  submergent 
vegetation  also  exceeded  open  water  (P  <  0.05;  Table  10). 
Macroinvertebrate  density  in  near-shore  emergent  habitat  also  was 
greater  than  in  near-shore  forested  habitat  (P  <  0.05). 
Invertebrates  were  not  collected  with  Ponar  dredge  during  late 
fall  because  sampling  gear  was  lost  while  collecting  samples. 

Macroinvertebrate  densities  increased  between  early  and  late 
fall  in  open  water  (Wilcoxon  test,  z  =  3.46,  P  <  0.001), 
near-shore  emergent,  (z  =  3.12,  P  =  0.002),  moist  soil  (z  =  2.05, 
P  =  0.041),  and  submergent  vegetation  habitats  (z  =  1.95,  P  = 
0.051).   Taxonomic  diversity  also  increased  between  early  and 
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late  fall  in  near-shore  emergent,  (z  =  2.38,  P  =  0.018)  and  open 
water  habitats  (z_  =  2.19,  P  =  0.026).   Biomass  differed  between 
fall  sampling  periods  only  for  open  water  (z.  =  2.80,  P  =  0.005). 

Taxonomic  composition  of  nektonic  invertebrates  varied  among 
habitats  during  early  fall  (Appendix  A) .   Annelida,  (50%) 
Hemiptera  (18%) ,  and  Gastropoda  (12%)  predominated  in  net  sweep 
samples  collected  from  near-shore  emergent  habitat,  while  moist 
soil  samples  consisted  mostly  of  Crustacea  (58%)  and  Gastropoda 
(29%) .   Samples  collected  from  submergent  vegetation  consisted 
mostly  of  Annelida  (43%)  and  Gastropoda  (39%) .   Open  water 
habitats  included  Annelida  (28%) ,  Nematoda  (24%) ,  Chironomidae 
(20%)  and  Crustacea  (12%) .   Benthic  samples  collected  from  open 
water  and  submergent  vegetation  had  similar  taxonomic  composition 
to  nektonic  samples  collected  from  the  same  habitats  (Appendix 
B) .   However,  Gastropoda  were  less  abundant  in  benthic  samples 
than  in  nektonic  samples  collected  from  submergent  vegetation. 

Annelida  comprised  >60%  of  nektonic  invertebrate  samples 
collected  from  near-shore  emergent,  near-shore  forested,  and 
submergent  habitats  during  late  fall  (Appendix  C) .   Submergent 
vegetation  and  near-shore  forested  habitat  samples  consisted  of 
11  and  21%  Crustacea,  and  7  and  8%  Corixidae,  respectively,  while 
near-shore  emergent  samples  included  12%  Chironomidae  and  8% 
Corixidae.   Moist  soil  samples  included  38%  Crustacea,  26% 
Gastropoda,  and  14%  Chironomidae. 
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Spring  1993 

Spring  migration  began  in  mid-February,  with  dabbling  ducks 
and  geese  peaking  in  late  February,  and  diving  ducks  peaking  in 
late  March  (Figures  6  and  7) .   Total  waterfowl  use-days  during 
spring  1993  were  70%  below  fall  1992,  primarily  due  to  fewer 
dabbling  ducks  observed  on  Swan  and  Fuller  lakes  and  moist  soil 
units  adjacent  to  lower  Swan  Lake.   In  contrast  to  fall  when 
dabbling  ducks  and  geese  contributed  most  of  waterfowl  use-days, 
diving  ducks  accounted  for  52%  of  waterfowl  use-days,  followed  by 
dabbling  ducks  (28%) ,  and  geese  (20%;  Table  12) . 

Dabbling  ducks  consisted  of  81%  mallards,  7%  northern 
pintails  (Anas  acuta) ,  and  4%  northern  shovelors  (Anas  clypeata) . 
Diving  ducks  included  51%  ruddy  ducks,  21%  lesser  scaup  (Avthya 
af finis) ,  16%  ring-necked  ducks,  and  6%  common  mergansers  (Mergus 
merganser) .   Geese  consisted  of  50%  Canada  geese,  49%  snow  geese, 
and  <  1%  white-fronted  geese  (Table  4) . 

As  in  fall,  distribution  of  waterfowl  use-days  differed 
among  lake  compartments  during  spring,  with  lower  Swan  Lake 
receiving  51%  of  waterfowl  use-days,  followed  by  moist  soil  units 
south  of  Swan  Lake  (23%) ,  upper  Swan  and  Fuller  lakes  (13%) ,  and 
middle  Swan  Lake  (12%;  Table  12) .   Lower  Swan  Lake  accounted  for 
the  greatest  proportions  (47-56%)  of  goose,  dabbling  duck,  and 
diving  duck  use-days.   Moist  soil  units  south  of  Swan  Lake 
received  32%  of  dabbling  duck,  and  42%  of  goose  use-days.   Middle 
Swan  and  upper  Swan  and  Fuller  lakes  received  40%  of  diver 
use-days. 
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Waterfowl  primarily  occupied  2  habitat  types  during  spring; 
open  water  and  moist  soil  (Table  13) .   Dabblers  and  divers  were 
observed  more  in  open  water,  while  geese  tended  to  use  moist  soil 
units.   Although  only  10%  of  dabbling  ducks  were  observed  in 
flooded  forest,  this  habitat  type  was  important  during  periods  in 
spring  when  lake  levels  were  high.   Near-shore  forested  and 
near-shore  emergent  habitats  also  received  appreciable  use  by 
dabbling  and  diving  ducks.   Submerged  aquatic  vegetation  was  not 
present  during  the  spring,  so  was  not  used. 

As  in  fall,  resting  was  the  dominant  activity  of  all 
waterfowl  (X2  =  43.33,  P  <  0.001)  (Tables  14-16)  in  all  habitat 
types,  but  feeding  activity  again  varied  among  habitat  types  (X2 
=  49.15,  P  <  0.001).   Dabblers  spent  28%  of  daylight  feeding  in 
moist  soil  and  near-shore  emergent  habitats.   Geese  and  diving 
ducks  spent  the  greatest  time  feeding  (7%  and  9%,  respectively) 
in  moist  soil.   Locomotion,  social,  and  other  behaviors  increased 
slightly  compared  to  fall  (Tables  14-16) . 

Macroinvertebrate  abundance. — Density,  diversity,  and 
biomass  of  invertebrates  collected  with  sweep  net  during  early 
spring  1993  were  lower  than  in  fall  1992  (Table  17) .   As  in  fall, 
density,  diversity  and  biomass  of  invertebrates  collected  with 
Ponar  dredge  were  greater  than  those  collected  with  sweep  net 
during  spring,  indicating  that  invertebrate  communities  were 
again  dominated  by  benthic  fauna  in  spring  (Table  18) . 
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Compared  to  fall,  there  was  little  variation  among  habitats 
in  density,  diversity,  and  biomass  of  invertebrates  collected 
with  sweep  net  (Kruskal-Wallis  tests,  X2  <  4.77,  P  <  0.311). 
Nektonic  invertebrate  diversity  varied  among  habitats  only  during 
late  spring  (X2  =  10.76,  P  =  0.029),  with  moist  soil  highest  and 
near-shore  emergent  habitat  lowest  (P  <  0.05).   Density  and 
biomass  of  invertebrates  collected  with  Ponar  dredge  varied  among 
habitats  during  late  spring  (Kruskal-Wallis  tests,  X2  >  12.13,  P 
<  0.016).   In  contrast  to  fall,  open  water  had  the  greatest 
density  and  biomass  of  benthic  invertebrates,  while  moist  soil 
habitat  had  the  lowest  (P  <  0.05).   Nektonic  invertebrate 
density,  diversity,  and  biomass  declined  between  early  and  late 
spring  in  all  habitats  except  near-shore  emergent  where  only 
invertebrate  density  and  biomass  declined  (z.  >  2.18,  P  <  0.029). 
Water  depths  exceeding  5  m  prevented  sampling  of  the  entire  water 
column  with  sweep  net  in  late  spring.   Seasonal  declines  in 
invertebrate  density,  diversity,  and  biomass  were  not  evident  in 
benthic  samples;  only  biomass  declined  in  moist  soil  habitat  (z  > 
2.16,  P  <  0.030),  while  biomass  increased  in  open  water  habitat 
(z  >  2.47,  P  <  0.014) . 

Nektonic  invertebrates  collected  from  near-shore  emergent, 
near-shore  forested,  and  flooded  forest  habitats  were  dominated 
by  Annelida  (54-74%)  and  Crustacea  (4-35%)  during  early  spring 
(Appendix  D) .   Moist  soil  habitat  contained  primarily 
Chironomidae  (65%),  Crustacea  (22%),  and  Gastropoda  (10%),  while 
open  water  habitat  samples  consisted  mostly  of  Nematoda  (63%) , 
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Annelida  (17%) ,  and  Crustacea  (15%) .   Taxonomic  composition  of 
benthic  samples  collected  in  early  spring  was  similar  to  that  of 
nektonic  samples,  except  that  Nematoda  was  absent  in  benthic 
samples  collected  in  open  water  (Appendix  E) .   Similar  to 
nektonic  samples,  Annelida  predominated  in  benthic  samples 
collected  from  near-shore  emergent  (87%) ,  near-shore  forested 
(67%) ,  and  open  water  habitats  (50%)  in  early  spring. 
Chironomidae  were  most  abundant  in  open  water  (21%)  and  moist 
soil  (50%)  benthic  samples;  Crustacea  comprised  large  proportions 
of  benthic  invertebrates  collected  from  near-shore  forested 
(19%) ,  open  water  (28%) ,  and  moist  soil  (30%)  habitats. 

Taxonomic  composition  of  nektonic  invertebrates  changed 
dramatically  between  early  and  late  spring.   Crustacea  were 
abundant  in  near-shore  emergent  (33%) ,  open  water  (41%) ,  near- 
shore  forested  (67%) ,  moist  soil  (70%) ,  and  flooded  forest  (77%) 
habitats  in  late  spring  (Appendix  F) .   Annelida  and/or  Nematoda 
comprised  most  of  the  remainder  of  nektonic  invertebrates  in 
these  habitats.   Benthic  samples  were  more  diverse  than  nektonic 
samples  (Appendix  G) ,  and  were  dominated  primarily  by  Annelida 
(52-84%) ,  Crustacea  (8-28%) ,  and  Chironomidae  (3-16%) . 
DISCUSSION 

Swan  Lake  was  used  primarily  as  a  resting  area  for  migrating 
waterfowl  during  fall  and  spring  1992-93.   The  largest 
proportions  of  waterfowl  use-days  recorded  during  fall  were  by 
dabbling  ducks  and  geese;  however,  diving  ducks  contibuted  the 
greatest  proportion  of  waterfowl  use-days  in  spring.   Mallards 
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and  snow  geese  accounted  for  nearly  78%  of  waterfowl  observed  in 
fall,  while  ruddy  ducks,  lesser  scaup,  ring-necked  ducks,  and 
mallards  comprised  75%  of  waterfowl  counted  during  spring.   Few 
geese  (mostly  Canada  geese)  used  the  lake  during  spring,  with  a 
large  proportion  observed  on  moist  soil  units  adjacent  to  lower 
Swan  Lake. 

Feeding  activity  by  non-breeding  waterfowl  is  generally  high 
during  fall  and  spring  migration,  and  declines  during  winter 
(Paulus  1988) .   Feeding  activity  generally  increases  between 
winter  and  spring  as  birds  begin  to  deposit  nutrient  reserves 
that  are  needed  during  the  breeding  season.   This  pattern  was  not 
evident  at  Swan  Lake,  as  diurnal  feeding  activity  generally 
declined  in  most  habitats  from  fall  to  spring. 

Feeding  accounted  for  <1%  of  diurnal  activity  budgets  of 
diving  ducks  on  Swan  Lake,  except  in  submergent  vegetation  during 
fall.   Other  studies  indicate  higher  feeding  rates  by  diving 
ducks  elsewhere  in  the  Mississippi  River  system.   Takekawa  (1987) 
reported  that  canvasbacks  and  lesser  scaup  spent  17-19%  of 
daylight  feeding  during  fall  on  Lake  Onalaska,  Wisconsin 
(Mississippi  River,  Pool  7) .   Hohman  and  Rave  (1990)  summarized 
Canvasback  activity  budgets  during  winter  and  spring  migration, 
reporting  average  diurnal  feeding  rates  of  13  (winter)  to  3  9% 
(spring) .   A  review  by  Paulus  (1988)  reported  diurnal  feeding 
activities  of  9-86%  in  several  species  of  non-breeding  Aythyini 
and  Mergini. 
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Dabbling  ducks  spent  more  time  feeding  than  diving  ducks, 
yet  diurnal  feeding  activity  (<l-82%)  on  Swan  Lake  was  generally 
lower  in  most  habitats  than  reported  elsewhere  during  the  non- 
breeding  season.   Paulus  (1984)  reported  that  gadwalls  spent  61% 
of  daytime  feeding  in  coastal  marshes  of  southwestern  Louisiana. 
Jorde  et  al.  (1984)  reported  27-31%  diurnal  feeding  by  mallards 
wintering  in  Nebraska.   Paulus  (1988)  reviewed  different  studies 
that  recorded  activity  budgets  of  dabbling  ducks  and  reported 
that  diurnal  feeding  activity  varied  from  <2  to  75%. 

Although  overall  feeding  activity  was  low,  and  the  greatest 
proportions  of  waterfowl  activity  budgets  were  spent  resting, 
ducks  (particularly  dabbling  ducks)  spent  considerable  time 
feeding  in  habitats  where  aquatic  vegetation  was  present  and 
invertebrates  were  more  abundant.   Sago  pondweed  in  lower  Swan 
Lake  provided  habitat  where  relatively  high  proportions  of 
diurnal  feeding  activity  were  observed  in  early  fall.   However, 
submergent  vegetation  in  this  area  became  senescent  and 
disappeared  before  mid-fall  when  the  majority  of  diving  ducks 
that  might  have  used  this  habitat  arrived  on  Swan  Lake. 
Submergent  vegetation  did  not  re-emerge  early  enough  to  be  used 
by  ducks  during  spring  migration. 

The  pattern  of  waterfowl  distribution  among  lake 
compartments  generally  corresponded  to  post-project  management 
goals  established  for  each  compartment.   Upper  Swan  and  Fuller 
lakes  that  will  be  managed  with  nearly  complete  annual  drawdowns 
to  promote  growth  of  moist  soil  plants  were  used  almost 
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exclusively  by  dabbling  ducks  during  fall.   Middle  Swan  Lake  that 
will  be  managed  by  partial  annual  drawdown  to  promote  moist  soil 
and  submergent  vegetation  received  the  majority  of  dabbling  duck 
use-days  but  also  received  substantial  use  by  diving  ducks. 
Lower  Swan  Lake  that  is  to  be  left  open  to  the  river  and  drawn 
down  at  8-10  year  intervals  received  nearly  60%  of  diving  duck 
use-days,  and  geese  used  lower  Swan  Lake  almost  exclusively  in 
fall. 

The  relatively  low  use  of  upper  Swan  and  Fuller  lakes  that 
we  observed,  particularly  by  dabbling  ducks  during  fall,  was  not 
expected.   This  might  be  explained  by  the  fact  that  this 
compartment  was  flooded  before  late-seeded  Japanese  millet 
(Echinocloa  frumentacea)  had  matured  and  produced  seed,  thereby 
detracting  from  the  compartment's  value  as  feeding  habitat. 
Later  in  the  fall,  upper  Swan  and  Fuller  lakes  were  hunted, 
preventing  access  by  waterfowl  to  this  compartment  during  much  of 
the  fall  migration  period.   Dabbling  and  diving  ducks  made 
greater  use  of  upper  Swan  and  Fuller  lakes  during  spring 
migration,  and  total  use-days  of  this  area  was  comparable  to  that 
observed  on  middle  Swan  Lake  in  spring. 

Availability  of  wetland  vegetation  was  limited  at  Swan  Lake, 
being  restricted  to:  (1)  upper  Swan  and  Fuller  lakes;  (2) 
near-shore  areas  (mostly  in  middle  Swan  Lake)  that  were  exposed 
during  normal  pool  levels  in  summer;  (3)  seasonally  flooded 
forest  adjacent  to  the  lake;  (4)  the  sago  pondweed  bed  in  lower 
Swan  Lake;  and  (5)  moist  soil  units  on  Mark  Twain  NWR  adjacent  to 
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lower  Swan  Lake.   These  areas  provided  the  greatest  abundance  of 
macroinvertebrates  during  fall  and  spring,  and  generally  had  the 
highest  levels  of  waterfowl  feeding  activity  that  we  observed. 
Moist  soil  and  near-shore  emergent  habitats  generally  contained 
moderate  to  high  invertebrate  density,  diversity,  and  biomass, 
compared  to  other  habitats.   Aquatic  vegetation  present  in  these 
habitats  also  likely  provided  food  for  waterfowl,  particularly 
dabbling  ducks.   These  habitats  were  also  relatively  shallow, 
causing  food  to  be  more  accessible  to  feeding  birds. 

Kaminski  and  Prince  (1981)  also  found  higher  levels  of 
feeding  activity  where  macroinvertebrates  were  most  abundant. 
With  generally  sparse  cover  of  macrophytes,  even  in  near-shore 
habitats,  macroinvertebrate  fauna  of  Swan  Lake  was  dominated  by 
benthic  organisms.   Although  benthic  invertebrates  were 
relatively  abundant,  they  consisted  mostly  of  Oligochaeta, 
Chironomidae,  and  Nematoda  that  tolerate  low  levels  of  dissolved 
oxygen  (Pennak  1978) .   Benthos  such  as  fingernail  clams 
(Sphaeriidae)  that  are  an  important  diving  duck  food  (Anderson 
1959,  Bellrose  1980)  were  not  abundant. 

Because  overall  feeding  activity  was  remarkably  low,  wetland 
habitats  and  cropland  in  the  vicinity  of  Swan  Lake  apparently 
provided  sources  of  food  for  waterfowl  that  rested  on  Swan  Lake 
during  fall  and  spring  migration.   This  pattern  was  evident  in 
the  use  of  moist  soil  units  near  the  south  end  of  the  lower  lake 
compartment.   Indeed,  many  of  the  dabbling  ducks  and  geese 
observed  on  lower  Swan  Lake  during  fall  and  spring  appeared  from 
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observation  of  local  movement  patterns  to  be  birds  that  used 
moist  soil  units  for  feeding.   Other  flights  were  periodically 
observed  by  dabblers,  divers,  and  geese  between  Swan  Lake  and  the 
surrounding  area.   Thus,  some  flocks  that  may  have  remained  on 
Swan  Lake  for  several  days  or  weeks  (particularly  geese) 
apparently  relied  mostly  on  surrounding  wetland  habitats  or  crop 
fields  for  feeding.   Other  flocks  may  have  stopped  to  rest  for 
short  time  periods,  then  continued  their  migration.   Observations 
of  marked  birds  would  be  necessary  to  accurately  quantify  local 
movement  patterns  and  determine  individual  residence  times  and 
population  turnover  rates  by  different  species. 

Flooded  forest  was  important  to  dabbling  ducks  during  high 
water  levels,  and  flooding  of  this  habitat  should  be  considered 
in  planning  post-project  water  level  management.   Construction  of 
the  river  levee  will  isolate  seasonally  flooded  forest  on  the 
east  shore  from  the  rest  of  Swan  Lake  and  the  value  or  existence 
of  these  habitats  may  be  compromised  after  levee  construction. 
However,  flooded  forest  will  still  be  available  to  waterfowl 
along  the  west  shore  of  Swan  Lake. 

River  levee  construction  and  dredging  of  the  adjacent 
deepwater  channel  will  also  destroy  shallow  near-shore  forested 
and  emergent  habitats  that  were  used  primarily  by  dabbling  ducks 
in  fall  and  spring.   These  habitats  were  generally  more  extensive 
on  the  east  shore  of  Swan  Lake.   Loss  of  near-shore  habitat  to 
levee  construction  could  be  compensated  through  enhanced 
vegetation  and  macroinvertebrate  communities  elsewhere. 
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Severe  and  prolonged  flooding  occurred  on  Swan  Lake  during 
late  spring  1993,  possibly  explaining  lower  use  by  waterfowl 
compared  to  fall,  particularly  by  dabbling  ducks.   Food  resources 
on  the  lake  were  largely  unavailable  to  dabblers  due  to  high 
water  levels,  and  may  have  enhanced  the  importance  of  moist  soil 
units  south  of  Swan  Lake.   There  also  was  a  dramatic  decline  in 
abundance  of  nektonic  invertebrates  associated  with  water  depths 
that  exceeded  5  m  in  late  spring.   Although  abundance  of  benthic 
invertebrates  did  not  decline  between  early  and  late  spring, 
taxonomic  composition  changed  somewhat.   Higher  water  levels  in 
late  spring  were  associated  with  a  less  diverse  benthic  fauna  and 
generally  higher  densities  of  Oligochaeta,  and  lower  densities  of 
Crustacea  and  Gastropoda.   Flooded  cropland  likely  also  provided 
abundant  and  available  food  sources,  further  reducing  use  of  Swan 
Lake  by  migrating  waterfowl. 
CONCLUSIONS 

If  implementation  of  the  Swan  Lake  HREP  enhances  aquatic 
macrophyte  and  macroinvertebrate  communities,  habitat  conditions 
will  improve  for  migrating  waterfowl.   Swan  Lake  currently 
consists  primarily  of  shallow  open  water  that  is  of  little  value 
except  as  resting  habitat  for  diving  ducks  and  geese.   Increased 
coverage  of  moist  soil,  emergent,  and  submergent  vegetation  will 
enhance  availability  of  plant  and  invertebrate  foods,  and  provide 
additional  cover  for  waterfowl.   Data  collected  in  this  study 
indicate  that  waterfowl  populations  should  respond  functionally 
to  post-project  habitat  changes,  primarily  by  increasing  time 
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spent  feeding  within  lake  compartments.   Functional  response  also 
may  be  evident  as  changes  in  local  movement  patterns  and  species 
distributions  among  lake  compartments.   Waterfowl  may  also 
benefit  from  increased  coverage  of  emergent  vegetation  that 
provides  protection  during  inclement  weather  and  visual  isolation 
during  courtship  and  pairing.   Functional  responses  to  enhanced 
food  and  cover  may  produce  longer  residence  times  of  individual 
birds,  thereby  increasing  waterfowl  use-days  (numeric  response) . 

Each  lake  compartment  will  have  independent  water  level 
control  after  the  project  is  completed.   An  initial  water  level 
management  plan  was  developed  during  the  planning  process  and 
incorporated  into  the  project  design  (U.  S.  Army  Corps  of 
Engineers  1991b) .   Success  or  failure  of  the  project  will  hinge 
primarily  on  implementing  hydrologic  regimes  that  improve  water 
quality  and  promote  establishment  and  growth  of  desirable  moist 
soil,  emergent,  and  submerged  macrophytes.   Functional  and 
numeric  responses  by  waterfowl  to  the  Swan  Lake  HREP  will  be 
determined  by  effects  on  aquatic  macrophyte  and  macroinvertebrate 
communities.   Results  obtained  during  pre-project  waterfowl 
response  monitoring  support  the  general  concept  and  strategy  of 
water  level  management  that  was  developed  in  planning  the  Swan 
Lake  HREP.   However,  further  refinements  will  likely  be  necessary 
based  on  post-project  biological  response  monitoring. 

Post-project  evaluations  will  not  only  determine  success  or 
failure  in  meeting  project  goals,  but  are  also  necessary  to 
refine  and  test  alternative  water  level  management  strategies. 

30 


The  timing  and  duration  of  annual  drawdowns  will  primarily 
determine  vegetation  response  (Fredrickson  and  Taylor  1982, 
Wilcox  and  Meeker  1991)  but  it  remains  to  be  demonstrated  that 
lake  closure  and  de-watering  schedules  will  not  impede  movement 
of  fishes  among  lake  compartments,  or  between  the  lake  and  river 
at  critical  times  of  the  year.   Timing  of  re-flooding  after 
seasonal  drawdown  is  important,  but  perhaps  less  crucial  to 
waterfowl,  and  should  not  occur  before  moist  soil  and  emergent 
plants  have  matured  and  produced  seed  (Fredrickson  1991) .   Moist 
soil  and  emergent  habitats  should  be  reflooded  before  arrival  of 
dabbling  ducks  (late  September)  and  diving  ducks  (early 
November) .   Shallow  flooding  (<  45  cm)  of  moist  soil  and  near- 
shore  habitats  should  be  maintained  through  at  least  the  end  of 
spring  migration  (mid  April) .   Deeper  water  can  be  maintained 
over  submerged  vegetation  and  in  the  lower  compartment  where  use 
by  diving  ducks  and  geese  is  greatest;  however,  excessively  late 
and  deep  flooding  could  hinder  spring  emergence  of  submerged 
vegetation  (Kantrud  1990) . 
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Table  1.   Plant  taxa  characteristic  of  major  habitat  types  on  Swan  Lake, 
Illinois.   Habitats  were  interpreted  from  aerial  photographs  and  ground- 
truthed  by  the  Illinois  Natural  History  Survey  Long  Term  Resource  Monitoring 
Program  station  in  1991  (unpublished  data) .   Additional  taxa  were  included 
based  on  fall  1992  field  observations. 


Habitat 


Characteristic  Plant  Taxa 


Open  water 
Submergent  vegetation 


Lemnaceae 

Lemnaceae 

Jussiaea 

Nelumbo 

Nymphaea 

Potamoqeton 


Emergent s 


Lemnaceae 

Saqittaria 

Scirpus 

Sparqanium 

Typha 


Woody  terrestrial 
(Flooded  forest) 


Acer 

Carva 

Nyssa 

Cephalanthus 

Fraxinus 

Populus 

Salix 


Moist  Soil 


Echinochloa 
Leersia 
Polygonum 
Saqittaria 


Table  2.   Behavioral  categories  used  to  quantify  activity  budgets  of  waterfowl 
flocks  on  Swan  lake,  Illinois  during  fall  and  spring  1992-93. 


Activity 


Definition 


Feeding 


Feeding  on  land  or  bare  substrate 

Dabbling  or  pecking  at  or  just  below  the 
water  surface 


Resting 


Other 


Locomotion 
Social 


Tipping-up 

Diving 

Eyes  closed,  bill  tucked  between  wings, 
bird  stationary 

Eyes  open,  bird  stationary  and  not  alert 

Preening,  bathing,  leg  and  wing  stretches 
not  associated  with  courtship 

Eyes  open,  neck  erect,  vigilant  body 
posture 

Response  to  human  activity  or  presence  of 
potential  predator 

Drinking,  calling,  etc. 

Swimming,  walking,  flying 

Pair  formation  and  maintenance  displays, 
inciting,  copulation 

Inter-  and  intra-  specific  aggression, 
avoidance,  displacement 
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Table  3.   Number  of  macroinvertebrate  samples  collected  (sweep  net  / 
ponar  dredge)  by  habitat  type  during  fall  and  spring 
1992-93  on  Swan  Lake,  Illinois. 

Habitat  Fall  1992  Spring  1993 

Early      Late       Early       Late 


Near-shore  emergent 

18 

/ 

0 

18 

/ 

0 

9 

/  9 

9/9 

Flooded  forest 

- 

- 

20 

/  o 

10  /  10 

Moist  soil 

8 

/ 

0 

8 

/ 

0 

4 

/  4 

4/4 

Near-shore  forested 

0 

/ 

0 

8 

/ 

0 

7 

/  7 

7/7 

Open  water 

8 

/ 

8 

16 

/ 

0 

8 

/  8 

8/8 

Submergent  vegetation 

4 

/ 

4 

8 

/ 

0 

- 

- 
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Table  4.   Percent  composition  of  waterfowl  species  observed  on  Swan 
Lake,  Illinois  during  fall  and  spring  1992-93. 

Tribe  Fall  1992  Spring  1993 

Species 

Anatini  and  Cairinini 

Aix  sponsa  0.3  0.5 

Anas  acuta  0.9  2.2 

Anas  americana  1.9  0.8 

Anas  clypeata  0.5  1.2 

Anas  crecca  2.7  <0.1 

Anas  discors  0.1  0.3 

Anas  platyrhvncos  41.0  25.3 

Anas  rubripes  0.1  <0.1 

Anas  strepera  1.9  0.8 
Anserini 

Anser  albif rons  <0.1  <0.1 

Branta  canadensis  0.8  6.2 
Aythyini 

Avthya  americana  <0.1  0.5 

Aythya  affinis  0.2  11.9 

Avthya  collaris  9.3  8.8 

Aythya  valisineria  1.4  1.8 
Mergini  and  Oxyurini 

Bucephala  albeola  <0.1  0.4 

Bucephala  clanqula  0.1  0.4 

Chen  caerulescens  36.8  6.1 

Lophodytes  cucullatus  <0.1  <0.1 

Merqus  merganser  <0.1  3.6 

Merqus  serrator  0.1  0.1 

Oxyura  iamaicensis  2.0  28.7 
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Table  5.   Total  waterfowl  use-days  on  3  lake  compartments  and  moist 
soil  units  at  Swan  Lake,  Illinois  during  late  September  through  mid- 
December,  1993. 

Segment  Dabblers     Divers       Geese        Total 

Lower  Swan  97,759 

Middle  Swan  140,366 

Upper  Swan  and  Fuller  2,297 
Moist  soil  units  22,379 
Total  262,801 


42,207 

202,930 

342,896 

28,857 

3,180 

172,403 

91 

210 

2,598 

28 

2,800 

25,207 

71,183 

209,120 

543,104 
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Table  6.   Percent  use  of  8  habitat  types  by  waterfowl  on  Swan  Lake, 
Illinois  during  fall  1993. 


Habitat 

Dabblers 

Divers 

Geese 

Emergent  vegetation 

<0.1 

<0.1 

<0.1 

Flooded  forest 

<0.1 

<0.1 

<0.1 

Moist  soil 

3.4 

<0.1 

0.5 

Near-shore  emergent 

17.3 

0.2 

2.2 

Near-shore  forested 

26.6 

0.7 

0.2 

Open  water 

44.4 

97.8 

98.9 

Submergent  vegetation 

4.6 

1.2 

0.2 

Slough 

1.9 

<0.1 

<0.1 
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Table  11.   Density,  diversity,  and  dry  mass  of  benthic 
invertebrates  by  habitat  type  on  Swan  Lake,  Illinois  during 
fall  1992. 


Open  water 


SE 


Submerqent  vegetation 
x  SE 


Early   fall 

No./m2  1,619  432 

Taxa  4.4  0.6 

g/m2  1.3  0.4 


2,960 

983 

5.5 

1.7 

24.4 

23.5 

45 


Table  12.   Total  waterfowl  use-days  on  3  lake  compartments  and  moist 
soil  units  at  Swan  Lake,  Illinois  during  late  February  through  late 
April,  1993. 

Segment  Dabblers     Divers       Geese        Total 

Lower  Swan  23,127 

Middle  Swan  2,453 

Upper  Swan  and  Fuller  5,122 

Moist  soil  units  15,794 

Total  46,496 


42,490 

18,064 

83,681 

17,365 

130 

19,948 

16,034 

312 

21,468 

8,633 

13,595 

38,022 

84,522 

32,100 

163,119 
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Table  13.   Percent  use  of  8  habitat  types  by  waterfowl  on  Swan  Lake, 
Illinois  during  spring  1993. 


Habitat 


Dabblers 


Divers 


Ge 

jese 

<0. 

1 

<0. 

1 

53. 

9 

<0. 

1 

0. 

4 

45. 

6 

<0 

.1 

<0 

.1 

Emergent  vegetation  <0.1 

Flooded  forest  9.6 

Moist  soil  35.1 

Near-shore  emergent  6.9 

Near-shore  forested  8.0 

Open  water  37.3 

Submergent  vegetation  <0.1 

Slough  3.1 


<0.1 
0.1 
21.0 
<0.1 
9.0 
69.8 
<0.1 
<0.1 
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Figure  2.   Locations  of  permanent  blinds,  shoreline  observation 
points,  and  existing  levees  used  to  observe  waterfowl  on  the  Swan 
Lake  HREP  site,  Illinois  during  fall  and  spring  1992-1993. 
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Figure  3 .   Weekly  maximum  numbers  of  dabbling  and  diving  ducks 
observed  using  Swan  and  Fuller  lakes,  Illinois  during  fall  1992 


55 


CO 


^         cm         o        oo        co        ^ 
(000'  I-  X)  scoria  jo  jeqwriN 


CM 


O- 


(D 
0) 


Figure  4.   Weekly  maximum  numbers  of  Canada  geese  observed  using 
Swan  and  Fuller  lakes,  Illinois  during  fall  1992. 
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Figure  5.   Weekly  maximum  numbers  of  snow  geese  observed  using 
Swan  and  Fuller  lakes,  Illinois  during  fall  1993. 
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Figure  6.   Weekly  maximum  numbers  of  dabbling  and  diving  ducks 
observed  using  Swan  and  Fuller  lakes,  Illinois  during  spring 
1993. 
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Figure  7.   Weekly  maximum  numbers  of  Canada  Geese  observed  using 
Swan  and  Fuller  lakes,  Illinois  during  spring  1993. 
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Appendix  A.   Mean  number  of  nektonic  invertebrates  per  sample  by 
habitat  type  during  early  fall  1992  on  Swan  Lake,  Illinois. 
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>Jear-shore 

Submergent 

Taxa 

emergent 

Moist  soil 

Open  water 

vegetation 

Annelida 

Hirudinea 

2.8 

2.5 

2.5 

Oligochaeta 

72.0 

14.3 

20.5 

32.5 

Arthropoda 

Crustacea 

Amphipoda 

Gammaridae 

3.5 

3.0 

Cladocera 

93.9 

5.3 

Copepoda 

10.0 

53.9 

1.0 

Hydracarina 

1.0 

1.0 

Isopoda 

3.0 

1.0 

Ostracoda 

2.0 

Insecta 

Coleoptera 

2.3 

Elmidae 

1.0 

Haliplidae 

1.0 

Hydrophilidae 

1.0 

Diptera 

Chironimidae 

Chironiminae 

4.0 

9.6 

1.0 

Tanypodinae 

1.3 

1.0 

5.3 

3.0 

Sciomyzidae 

Tetanocera 

1.0 

Tipulidae 

2.0 

1.0 

1.0 

1.0 

Ephemeroptera 

Caenidae 

1.0 

2.0 

Ephemeridae 

1.0 

Hemiptera 

Corixidae 

18.0 

6.0 

4.5 

Naucoridae 

2.0 

Notonectidae 

6.3 

Odonata 

Lestidae 

1.0 

Libellulidae 

1.0 

Macromiidae 

5.0 

1.0 

Plecoptera 

2.0 
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Appendix  A.    Continued. 


Near-shore 

Submergent 

Taxa 

emergent 

Mo: 

1st  soil 

Open 

water 

vegetation 

Mollusca 

Gastropoda 

Lymnaeidae 

5.8 

4.7 

11.0 

Physidae 

12.2 

58.6 

19.0 

Planorbidae 

12.7 

2.0 

Pelecypoda 

Sphaeriidae 

2.0 

1.0 

Unionidae 

1.0 

1.0 

Nematoda 

2.0 

18.0 

Nematomorpha 

1.0 

Gordiidae 

2.0 

Unidentified 

2.0 
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Appendix  B.   Mean  number  of  benthic  invertebrates  per  sample  by 
habitat  type  during  early  fall  1992  on  Swan  Lake,  Illinois. 


Taxa 


Open  water 
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Annelida 
Oligochaeta 

Arthropoda 
Crustacea 
Amphipoda 

Gammaridae 
Cladocera 
Copepoda 
Ostracoda 
Insecta 
Diptera 
Chironimidae 
Chironiminae 
Tanypodinae 
Hemiptera 
Corixidae 


21.3 


4.0 
9.0 
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6.0 
9.3 

1.5 


49.0 


2.0 

1.0 

12.0 


1.0 
11.5 

10.0 


Mollusca 
Gastropoda 

Physidae 
Pelecypoda 

Unionidae 

Nematoda 
Unidentified 


6.0 
1.0 
4.5 


5.0 
2.0 
4.0 
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